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Double crucible for drawing graded -index optical fibre - having 
heated elongate discharge tube giving improved inter-diffusion of 
core and cladding 


D/S: E(EE, CH, DT, FR, IT, NL, SW). 

The crucible comprises heated inner and outer bodies, 
the inner discharging into the outer. It further includes 
means lor extending the dwell period over which the core 
and cladding glasses are in contact at temperatures where 
mie rdiffusion occurs. Preferably, the discharge orifice 
'of the outer crucible body leads into an elongate flow tube 
which is maintained at a temperature above that of the 
body portions . 

The temperature of one region of the appts. may be 
adjustable to control flow rate; in one embodiment a cool- 
ing element is located adjacent to a region of the flow 
tube. Also, a further cooling element may be located 
adjacent to the tube discharge orifice to control drawing 
temperature. 

There is alternatively claimed a method of producing a 
graded index optical fibre by drawing from a double 
crucible, in which before drawing, the core and surround- 


F(i-C7, 1-D9B, i-El.-VG) L(l-F3. i-LSf. ■ . ' ^ 

ing cladding glass are held in contact for an extended 
period to achieve the desired diffusion characteristics. 

USE 

In production of large core (50-70 ja diam.) fibres. 
ADVANTAGE 

The enhanced inte rdiffus ion provides improved conver- 
sion of the discrete" change of R.I. between core and 
cladding into a progressive gradation. Diffusion can be 
improved by a factor of 10. 

EMBODIMENT 

Crucible (l) heated by resistance element (5) includes 
inner and outer bodies (2,3), the outer discharging through 
flow tube (4) surrounded by silica liner (7) and thermal 
insulation (9). Within the latter is a resistance heating 
element (8), while discharge temperature is controlled by 
water-cooled copper coil (11). 

Typically, the tube has a bore of 3.5 mm and length 
300 mm and is maintained at up to 100 C above the temp- 
erature of the crucible, (14pp46l) 
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@ Method and apparatus for drawing optical fibres by means of a double crucible. 

(£7) Method and apparatus for drawing optical glass fibres 
by means of a double crucible. The double crucible for pro- 
ducing a graded index optical fibre having a core and a clad- 
ding comprises inner and outer body portions (2) and (3) and 
a heated exit flow tube (4) which is elongate to allow thermal 
diffusion between the core and cladding to be prolonged. 
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The present invention relates to improvements 
in double crucibles for use in the manufacture of 
graded index optical fibre, improvements in apparatus 
for use in the production of graded index optical 
5 fibre, and improved methods of manufacture of graded 
index optical fibre* By a graded index optical fibre 
we mean a fibre wherein the refractive index varies 
gradually from the centre of the fibre to radially 
- outer positions, 

10 When graded index optical fibre is produced by 

the double crucible process, the radial refractive 
index variation may be produced by subjecting the 
fibre which inherently comprises separate radially 
inner and outer parts (core and cladding) to thermal 

15 diffusion whereby the interface between the parts and 


0004183 


- 2 - 

the discrete change in refractive index is converted 
by the application of heat to a mixed region and a 
gradual change in refractive index. The diffusion 
'effect should extend to the centre of the core and 
to a position radially outwardly of the junction 
between the core and cladding. 

Ideally the optical fibre should be subjected 
to a heat treatment such that the quantity Dt/a , 
generally referred to as /, lies within the range 
of from 0.06 to 0.085, where D is the diffusion 
coefficient governing inter-diffusion between core and 
cladding, t is the duration of heat treatment, and 
a ds the core radius; see. British Patent Specifica- 
tion No. 1,460,333. It should be noted that even 
given the optimum value of p', the refractive index 
profile obtained is only an approximation to the 
ideal profile for a graded index optical fibre. 

In a conventional double crucible, the time 
for which the two glasses are in contact at high 
temperature is controlled by the rate of flow of 
glass in through the cladding nozzle. If the flow 
is increased by raising the temperature, D is in- 
creased but t is reduced, resulting in little change 
in Any change will depend on the relative tem- 
perature dependence of D and of the glass viscosity. 
Large core graded index optical fibres are difficult 
to make in some glass systems with a value of / as 
large as 0.08. It is therefore desirable to increas 
D in a manner which does not significantly increase 
the flow of glass in the cladding nozzle. 

We have discovered that a satisfactory degree o 
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diffusion can be contrived by extending the period 
in which the core and cladding glasses remain in 
contact with one another in the double crucible. 
The prior art sought to enhance the diffusion by 
the chemical content of the glasses. 

According to the present invention there is 
provided a double crucible for the manufacture of 
graded index optical fibres, which double crucible 
comprises an outer body portion for holding molten 
cladding glass, an inner body portion, within the 
outer body portion, for holding molten core glass, 
the inner body portion having an exit orifice leading 
into the outer body portion, means for maintaining 
the said body portions at an elevated temperature, 
and means for extending the dwell period in which 
the core and cladding glasses remain in contact 
under diffusing conditions with one another in the 
cruc ible. 

The means for extending the dwell period pref- 
erably involve providing on the outer body portion 
downstream of the exit orifice an elongate flow 
tube provided with means for maintaining it at a 
temperature above that of the said body portions. 

The invention further provides apparatus for 
manufacturing graded index optical fibres, which 
apparatus includes a double crucible as defined in 
the previous paragraph. 

The length of the flow tube through which the 
fibre exits is substantial compared to the length 
of a conventional drawing nozzle so as to be sufficient 
to achieve the desired thermal diffusion between the 
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core and cladding. 

It is essential that the core glass and clad- 
ding glass come into contact prior to passage along 
'the flow tube, and the exit orifice of the inner 
body portion must therefore be upstream of the flow 
tube. 

Means may be provided for varying, especially 
lowering, the temperature of one region of the flow 
tube between the crucible body and the drawing 
nozzle, so that the flow rate of molten glass through 
the tube can be controlled. For example, a cold 
finger, i.e. a cooled element usually having cooling 
liquid flowing through it and placed adjacent a 
short region of the tube may be used to provide 
a lower-temperature region in that region. 

Cooling means, for example, a cold finger, 
may also be provided adjacent to the drawing nozzle 
to control the drawing temperature of glass emerging 
from the nozzle. 

According to a second aspect of the present 
invention there is provided a method of manufacturing 
a graded index optical fibre by drawing a clad fibre 
from a double crucible, in which the inner crucible 
contains a core glass and the outer crucible contains 
a cladding glass, in which method, prior to drawing 
the ontical fibre, molten core glass surrounded by 
and in contact with molten cladding glass is held 
in this contact for an extended period thereby 
achieving the desired diffusion characteristics. 
Preferably the glasses pass through an elongate flow 
tube at least a portion of which is maintained at a 
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temperature higher than the temperature of the double 
crucible. 

A region of the said flow tube may be maintained 
at a temperature which can be varied to permit 
control of the flow rate of glass through the flow 
tube. This allows the flow rate to be decreased 
thereby increasing the dwell time in which thermal 
diffusion takes place. An embodiment of the inven- 
tion will now be described, by way of example only, 
with reference to the accompanying drawing, which 
shows a diagrammatic representation, in section, of 
apparatus according to the present invention. 

The apparatus shown in the drawing consists 
of a double crucible indicated generally by the 
reference numeral 1, having an inner body portion 
or inner crucible 2 and an outer body portion or 
outer crucible 3. Attached to the outer crucible 
5 is a flow tube 4 which is relatively long compared 
with the nozzles usually attached to double crucibles* 
The body portions of the double crucible are heated 
by means of 1($ platinum- rhodium alloy windings 5 
mounted on an alumina winding former 6. The flow 
tube 4 is surrounded by a silica liner 7* The silica 
liner is surrounded by a heating element 8 compris- 
ing 10% platinum- rhodium wire wound on an alumina 
winding former. The windings are surrounded by 
thermal insulation material 9 of suitable form. 
Reference numeral 10 represents a drawing nozzle 
which is merely the end of the flow tube 4 from which 
the optical fibre is drawn. A cold finger 11 may be 
provided adjacent the drawing nozzle 10 to control 
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the drawing temperature of glass emerging from 
the nozzle 10. The cold finger 11 consists of water- 
cooled copper coils. 

A typical double crucible according to the 
present invention will have an outer crucible diameter 
A of 60-62mm and an inner crucible diameter B of 
18mm; angle C on the outer crucible will be 4-5°, and 
angle D on the inner crucible will be 55°; the 
nozzle on the inner crucible will have a diameter E 
cf 2 mm; the flow tube will have a diameter of 

and the length of the flow tube G will be $00 mm, 
These dimensions are quoted by way of example only. 

In use, the inner crucible 2 is filled with a 
glass which is to be used for the core of the optical 
fibre, and the outer crucible 3 is filled with a 
glass which is to be used as the cladding of the 
optical fibre. Both these glasses may, for example, 
be suitable soda-boro-silicate glasses such as those 
described in our U.K. Patent Specification No. 
1,507,711 or, advantageously, one or both may be 
an alkaline-earth-oxide-modified soda-boro-silicate 
glass as described in our published E.P.C. Specifi- 
cation No. 0000282. When glasses of either of these 
types are used, the body portions 2 and 5 of the 
double crucible are maintained at a temperature 
within the range of from 900 to 950°C ? at which tem- 
perature the glasses are cf course mol^c-vi. The flow 
tube 4- is heated independently cf the v -c-:y portions 
of the double crucible, and is saint ai; v i at a tem- 
perature which may be up to 100°C higher ,han the 
crucible body. Increasing the temperature of the 
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molten glass in the flow tube, and lengthening the 
flow tube, can enhance diffusion by a factor of up 
to ten on large core fibres. 

In use, molten glass from the inner and outer 
.crucibles 2 and 3 passes into the flow tube 4. The 
molten glass then passes through the flow tube 4 
relatively slowly. The glass in the flow tube con- 
sists of an inner core of core glass, surrounded by 
cladding glass. At the drawing nozzle 10, the 
glass necks down into a fibre as it is drawn off 
using suitable drawing apparatus. The use of a 
long flow tube 4 increases the duration of the heat 
treatment during which thermal diffusion occurs , 
and the enhanced temperature of the flow tube 4 
ensures an increased diffusion rate, since the dif- 
fusion coefficient increases with temperature. The 
actual drawing nozzle 10 should preferably be main- 
tained at a temperature which is not substantially 
different from that of the body of the double crucibl 
If the temperature of the drawing nozzle is too high, 
flow instabilities can result which will cause diamet 
variations in the fibre. 

The maximum temperature difference between the 
flow tube 4 and the main body of the crucible can 
be determined by experiment. If too high a tempera- 
ture is used for the flow tube, this will create 
control problems for the temperature of the main 
crucible. 

As explained in the introduction to the Speci- 
fication, the refractive index profile which is 
closest to optimum is obtained when is within the 
range of from 0.06 to 0.085; values of / less than 
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this are caused by under-dif fusion of the fibre and 
values of / greater than this are caused by over- 
diffusion of the fibre. 

The basic problem which this invention seeks to 
5 overcome is that arising from under-dif fusion, i.e, 
inadequate diffusion of molten glass between the 
core and cladding. This is a problem which occurs 
principally with large core optical fibre , that is 
to say, fibres having core diameters within the range 

10 of from 50 to ?Cm. The measures described and par- 
ticularly the elongation of tube 4 and the flow 
control measures described hereinafter increase the 
period during which the core and cladding glasses 
are in diffusing contact with one another, 

15 The flow rate of glass through the flow tube 

4 can be controlled by controlling the rate at which 
fibre is pulled from the drawing nozzle 10', and- also 
by providing a short portion in the flow tube where a 
lower temperature is maintained. The use of a short 

20 lower temperature region such as indicated at 11 

has the effect of introducing a large flow resistance, 
while not having an appreciable effect on the total 
diffusion. The intermediate cool region in the flow 
tube can, for example, be provided by use of a cold 

55 finger such as indicated at 11 and provided by a 
water filled copper coil* 
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CLAiriS 

1. A double crucible for the manufacture of graded 
index optical fibres, which double crucible comprises 
an outer body portion for holding molten cladding 
glass, an inner body portion, within the outer body 
portion, for holding molten core glass, the inner 
body portion having an exit orifice leading into 
the outer body portion, means for maintaining the 
said body portions at an elevated temperature, and 
means for extending the dwe 11 period in which the core 
and cladding glasses remain in contact under diffus- 
ing conditions with one another in the crucible. 

2. A double crucible as claimed in Claim 1 in which 
the means for extending the dwell period comprises 
providing on the outer body portion downstream of 
the exit orifice an elongate flow tube provided with 
means for maintaining it at a temperature above that 
of the said body portions. 

3 # A double crucible as claimed in either Claim 1 
or Claim 2 including means for varying the tempera- 
ture of one region to control the flow rate of 
molten glass therethrough. 

4. A double crucible as claimed in Claim $ wherein 
the said varying means is a eold finger* 

5. A double crucible as claimed in any of the pre- 
ceding claims including cooling means adjacent the 
exit of the flow tube. 


0004183 


- 2 - 

6. A method of manufacturing a graded index optica! 
fibre by drawing a clad fibre from a double crucible 
in which the inner crucible contains a core glass 
and the outer crucible contains a cladding glass, in 
which method, prior to drawing the optical fibre, 
molten core glass surrounded by and in contact with 
molten cladding glass is held in this contact for an 
extended period thereby achieving the desired dif- 
fusion characteristics. 
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